A bilateral pressure gradient was found in the I2 cases in which both pulmonary artery branches were explored. In 4 cases, the right branch only was catheterized. The systolic pressure was lower in one Received I2 December 1973. or both pulmonary artery branches than the main pulmonary artery by an average of I4 mmHg (range 5 to go mmHg). The systolic pulmonary artery pres-
I26 cases have been found with pressure gradients between the pulmonary artery trunk and its branches in the course of 594 diagnostic cardiac catheterizations. They occurred either alone: i6 cases (group I) or more often combined with congenital heart disease: IIO cases (group 2), about half of which were atrial septal defect. Angiographicfindings and pressure gradients were correlated in 33 cases. A minor gradient across thejunction of the main pulnonary artery with one of the branch pulmonary arteries wasfrequently present in patients with no angiographic evidence of branch stenosis. These pressure gradients corresponded with pictures of either hypoplasia or localized narrowing of the pulmonary artery branches only when the pressure difference amounted to or exceeded I5 mmHg, in those cases with absent or moderate shunting. This was supported by the finding that the rate of the pressure rise decreased by at least 5o per cent in the low pressure area.
During cardiac catheterization we often found a pressure difference between main and branch pulmonary arteries. The present study aims at assessing whether the finding of a lower pressure in the pulmonary artery branches than in the trunk always corresponds to organic stenosis.
Methods and results
In the course of 2433 consecutive catheterizations for congenital heart disease performed in IO years at the Boucicaut Hospital, a continuous withdrawal curve from the pulmonary capillary to the main pulmonary artery (PA) (Fig. I) .
Case I6 Pronounced dilatation, almost aneurysmal, of the trunk with a hypoplastic left branch and a normal right branch; the upper and middle lobar divisions of the latter had a diameter which diminished gradually in size (pressure gradient of go mmHg on the left side and 8o mmHg on the right) (Fig. 2) .
Group 2 IIO cases of pulmonary artery branch pressure gradient combined with other congenital cardiovascular disease.
Pulmonary artery pressures (Table 2) Both pulmonary artery branches were explored in 33 cases and a bilateral pressure gradient was found in 25 cases, and a unilateral one, right-sided only, in 8. In 77 cases one pulmonary artery branch only could be catheterized, which makes it impossible to provide information on bilateral pressure gradients. The pulmonary artery branch systolic pressure was lower by an average of II mmHg than the corresponding one of the main pulmonary artery (range 5 to 46 mmHg). The pulmonary artery systolic pressure was found to be within normal limits in 36 there was hypoplasia of the pulmonary artery tree in 5 cases, coarctation of both branches in 2 cases, coarctation of the right branch in 2 cases, hypoplasia of the left branch with stenosis of the division branches and stenosis with post-stenotic dilatation of the right branch in i case, and coarctation of both main pulmonary artery branches with narrowed distal branches in i case. (Arvidsson et al., I96I) . The alleged specificity of post-stenotic dilatation (Nadas, I963) was not confirmed in this series. Two cases only were operated upon. This is possible when the stenosis is proximal (Baxter, Booth, and Sirak, I96I; McGoon and Kincaid, I964) and desirable when the main pulmonary artery pressure is increased (Dubost, Cachera, and Vigano, I967) (62 and 37 mmHg in the cases operated on). The severity of obstruction to pulmonary blood flow does not increase with age (Eldredge et al., I972) . Necropsy is exceptional, as this anomaly is usually well tolerated. Performed once in this series, it showed an abnormal structure of the elastic wall responsible for a vessel wall thinning. Other lesions have been described as intimal hyperplasia ofthe main branches simulating atheromatous plaques (Oppenheimer, I938; Esterly and Oppenheimer, I967) . The arguments in favour of organic pulmonary artery branch stenosis are as follows.
Surgical findings
Clinical picture History of German measles in the mother combined with a reduced auditory acuity was found in 2 cases of this series, cataract was found in i further case (Oram et al., I964; Esterly and Oppenheimer, I967; Rowe and Mehrizi, I970). Combined supravalvar aortic stenosis may be suspected by the peculiar facies and mental retardation with a history of hypercalcaemia (Beuren, Apitz, and Harmjanz, I962; Bourassa and Campeau, I963) .
'Pseudoventricular' pattern of the main pulmonary artery pressure curve was thought by Agustsson et al. (I962) to be pathognomonic of bilateral pulmonary artery branch stenosis; the more pronounced, the tighter the stenosis. It is characterized by a rapid systolic rise followed by a diastolic fall to low early diastolic pressure, followed by a mid or late diastolic plateau. In this series, i6 of the 49 cases with this pattern had angiograms which demonstrated pulmonary artery stenosis in 9 cases only. In this series this pressure curve pattern was thus absent in cases with severe stenosis while it was recorded in cases with mild gradients but without angiographic evidence of stenosis. According to Delaney and Nadas (I964) and Nadas (I963) this should be considered a suggestive though unreliable sign.
Speed of pulmonary artery pressure rise on either side of the pressure gradient appears to be a better sign of organic stenosis of the pulmonary artery branches. Rios et al. (I969) have shown this pressure rise in a series of 17 cases to be 5o per cent slower in the post-stenotic area than in the proximal area. In the absence of organic stenosis, these speeds were identical on either side of the pressure gradient. This sign was found in the present series in 30 of 126 cases. Of the 29 cases with angiogram,' this sign coincided commonly with organic stenosis (IO of I5 cases). Conversely, stenosis was found only rarely (I of 14 cases) in the absence of this sign. This 50 per cent slowing of the post-stenotic speed of the pulmonary artery pressure rise seemed to be a reliable sign (Fig. 3 ) and deserves to be retained as a good indication of organic stenosis.
Magnitude of pressure gradient The presence of branch stenosis on the angiograms coincided with pressure gradients of IS mmHg or more, in the absence of shunt (group I). However, in the presence of left-to-right shunts, pressure gradients larger than I5 mmHg may be found in the absence of stenosis (Williams, Lange, and Hecht, I957) . In other words, a pressure gradient below I5 mmHg is unlikely to be caused by stenosis, while in the cases in which it exceeds I5 mmHg a true stenosis is a possibility which requires to be proved by an angiogram (Fig. 4) .
In the remaining I9 cases (58%) the angiograms did not reveal any stenosis. To account for the presence of pressure gradients in the absence of an angiographic picture of stenosis, three hypotheses may be put forward:
Increase of the pulmonary artery flow resulting from a left-to-right shunt (Deyrieux, Tartulier, and Tourniaire, I96I) : On the one hand, pressure gradients have been found in heart diseases without shunts (group I), and on the other, when these pressure gradients occur in heart diseases with a left-to-right shunt (group 2), the latter is often mild (pulmonary artery output/systemic output ratio below 2) (Fig. 4) . Surgical closure of the shunt resulted in abolition of the systolic murmur in only 2I of 5i cases. Finally, numerous cases with large left-to-right shunts never demonstrated such gradients.
Presence of mild stenosis invisible to angiography.-Persistence or aggravation of physiological pressure differences between main and branch pulmonary arteries in infants (Danilowicz et al., 1972) . Fouron et al. (I967) and Rowe and Mehrizi (I970) have demonstrated in the normal infant a pressure gradient of 3 to 7 mmHg between the main pulmonary artery and its branches. Danilowicz et al. (I972) have shown the disappearance in infants of systolic pressure differences of 6 to 45 mmHg. Increase of the pulmonary artery blood flow, especially in the presence of a left-to-right shunt, would result in elastic tissue changes, with consequent pressure gradients between the main and branch pulmonary arteries, with or without organic stenosis. 
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